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+ regulatory T cells (T reg ) have a crucial role in controlling CD4 + T-cell activation, proliferation, and effector function. However, the molecular mechanisms regulating T reg function remain poorly understood. Here we assessed the role of IL-7, a key cytokine regulating T-cell homeostasis, in suppressor capacity of T reg . Using a skin allograft model in which transplant acceptance is controlled by the number of transferred T reg , we find that T reg impair the proliferation of allogeneic CD4 + T cells, decrease production of IFNγ by effector T cells, and prevent early and increase late IL-7 induction by lymph node stromal cells. Increased IL-7 availability enhanced T reg survival, stabilized T reg molecular signature, enhanced surface IL-2Rα expression, and improved IL-2 binding of T reg , which diminished proliferation of alloreactive CD4 + T cells. Sequestration of IL-7 or impairment of IL-7R signaling after allograft transplantation abolished T reg -mediated tolerance by limiting their suppressive capacity. Aged Il7rα-ΔT reg mice displayed mild symptoms of autoimmunity correlating with impaired expansion of effector T reg in response to IL-2. Thus, IL-7R signaling on T reg supports the functional activity of effector T reg by increasing their IL-2 sensitivity in the lymph node during peripheral and allograft tolerance.
regulatory T cell | IL-7R | IL-7 | IL-2 | skin transplantation R egulatory T cells (T reg ) express the transcription factor Foxp3 and maintain peripheral tolerance through the suppression of potentially self-reactive T cells (1, 2) . T reg deficiency and mutations in FoxP3 result in the development of autoimmune diseases in both humans and mice. The molecular mechanisms underlying the function and stability of the T reg compartment have not been fully elucidated (2) (3) (4) (5) . T reg constitutively express IL-2Rα (6) , in which IL-2 has been shown to regulate T reg survival, expansion, and suppressive function under both homeostatic and activation conditions (7, 8) . T reg impaired in IL-2Rα signaling fail to suppress effector T-cell responses (7) . Because T reg themselves are unable to produce their own IL-2, due to FoxP3-dependent repression of the interleukin-2 (IL-2) gene (9) , T reg are susceptible to IL-2 concentrations and need to compete for it in secondary lymphoid organs (SLO) (10) . Therefore, competition for IL-2 with conventional T cells is one of the proposed suppressive mechanism of T reg (6) .
Recently, it was shown that central T reg (cT reg ), defined by CD44 low and CD62L high expression, completely depend on IL-2 during homeostatic and inflammatory conditions, whereas effector T reg (eT reg ), defined by CD44 high and CD62L low expression, require inducible T-cell costimulator (ICOS) signaling (11) . Because T reg not only use IL-2 for expansion and proliferation, but also for survival and pool maintenance, it is unclear if IL-2 competition occurs at low IL-2 concentration (as suggested in ref. 12 ). Moreover, IL-2 signaling via STAT5 (13) stabilizes FOXP3 expression and increases expression of suppressive T reg molecules including ICOS, glucocorticoid-induced TNF receptor-related protein (GITR), and cytotoxic T lymphocyte-associated protein 4 (CTLA4) (14-16).
IL-7, a member of the γc-cytokine family, is constitutively produced by stromal cells in SLO and can be further induced in response to various inflammatory mediators (17, 18) . Production of IL-7 by lymph node (LN) stromal cells (LNSC) is important for naïve T-cell survival and activation during adaptive immune responses (19, 20) . Interaction between IL-7 and the IL-7Rα/γc chain activates STAT5 phosphorylation and induces the expression of antiapoptotic molecules, such as Bcl-2, which play a key role in T-cell development and proliferation (reviewed in ref. 21) . Alternatively, continuous IL-7 signaling in naïve T cells can lead to activation and cell death when T-cell receptor (TCR) signaling is insufficient (22) . The role of IL-7 in controlling Foxp3 + T reg is less clear. The injection of soluble IL-7 complexes has been shown to increase the number of T reg (23, 24) and optimizes their reactivity to IL-2 (25) . IL-7Rα −/− mice have a reduced T reg population (26) , and IL-7R-deficient T reg demonstrate impaired proliferation (27) . Although these studies imply an important role for IL-7 in the maintenance and activation of T reg , the role of IL-7 during inflammatory T-cell responses in the periphery is still poorly understood.
To study the role of IL-7 and IL-7R signaling in T reg homeostasis and function, we generated a skin allograft tolerance model in which specific graft rejection is prevented by cotransfer of T reg . Our data indicate that T reg inhibited strong allogeneic CD4 + T-cell responses, thereby ensuring their maintenance within the LN. T reg responded to IL-7 by enhancing CD25
Significance
In mammals, regulatory T cells establish and maintain immune responses toward self-and non-self-antigens by suppression of specific T cells. Several mechanisms of suppression were previously described including starvation for IL-2, a cytokine required for T-cell expansion. Here we show that regulatory T cells (T reg ) respond to IL-7, a T-cell survival factor produced by lymph node fibroblast reticular cells, by enhancing their IL-2 sensitivity, thereby limiting expansion of reactive T cells during inflammation. These findings highlight a previously unidentified and unexpected mechanism by which IL-7R signaling in T reg cells maintains peripheral and allograft tolerance. This work may contribute to design new therapeutic approaches using lower IL-2 doses in humans by enhancing the functional competence of regulatory T cells with IL-7.
expression and their sensitivity to IL-2, thereby limiting IL-2 availability for effector T-cell proliferation required for graft rejection. Moreover, IL-7R deficiency had only mild effects on the survival and homeostasis of T reg under steady-state conditions. A subset of T reg was dependent on IL-7R signaling in the LN and increased in response to IL-2. IL-7R signaling in T reg was required to prevent autoimmunity and allograft tolerance in mice. Our findings indicate that IL-7R-sufficient T reg require stromal cell-derived IL-7 in the LN to maintain their phenotype and function. 1A) (28) . Furthermore, coinjection of twice the number of polyclonal GFP-expressing T reg only delayed graft rejection (2:1 group), whereas 10 times more T reg induced stable graft tolerance up to 100 days (Fig. 1A) .
Results
To assess whether T reg are required to alter initial establishment of tolerance, we used T reg from Foxp3-DTR mice to allow their depletion following diphtheria toxin (DT) treatment. Indeed, we found that the absence of T reg resulted in rejection of I-A bm12 allografts, indicating a T reg -dependent tolerance (Fig.  S1A) . We further characterized the migration kinetics of transferred ABM and T reg in LN and skin grafts. Both ABM and T reg were detected in the draining lymph nodes (dLN) on day 3, and their numbers progressively increased over time. On day 9, the number of ABM recovered from the dLN was lower with higher numbers of transferred T reg (Fig. 1B, Left) , whereas the number of T reg was comparable (Fig. 1B, Right) . Interestingly, a ratio of T reg to ABM higher than 1 in the dLN correlated with long-term tolerance of skin allografts (Fig. 1C) . In contrast, in the skin grafts, higher numbers of ABM compared with T reg were found in the 2:1 and the 10:1 group after T-cell transfer on day 9 (Fig. S1B) .
It is known that I-A bm12 skin graft rejection depends on activation and IFNγ production of allogeneic CD4 + T cells (28, 29) . To assess whether T reg are able to suppress allogeneic T-cell responses, we analyzed activation, proliferation, and IFNγ production of ABM in the presence of T reg in I-A bm12 -transplanted Rag2 −/− mice on day 9. Surface expression of CD25, CD44, and CD62L on ABM was not influenced by the number of transferred T reg , whereas CD69 did (Fig. S1C ). Proliferation of ABM was impaired depending on the number of cotransferred T reg (Fig. S1D) . Moreover, IFNγ-producing ABM were lower in frequency and number in the 10:1 group than in the ABM group ( Fig. 1D and Fig. S1E ). Taken together, T reg establish allograft tolerance after transplantation by suppressing proliferation and IFNγ production of allogenic CD4 + T cells.
T reg Affect the IL-7 Production of LN-FRC. Activation of ovalbumin (OVA)-specific CD8 + T cells has been shown to modulate the transcription of several molecules in LN fibroblastic reticular cells (LN-FRC) (18) . We first assessed the effect of allogeneic T-cell activation in the transcription profile of LN-FRC after transplantation of I-A bm12 allo-and I-A b syngrafts on C57BL/6 and IFNγ −/− mice. ICAM-1, VCAM-1, and IL-7 were increased after allotransplantation of naïve C57BL/6 mice, whereas transcription of ICAM-1, VCAM-1, IL-7, thymic stromal lymphopoietin (TSLP), and programmed death-ligand 1 (PD-L1) were increased in LN-FRC from allografted compared with syngrafted C57BL/6 mice ( Fig. S2A ) but not in IFNγ −/− mice (Fig. S2B ). Moreover, IL-7 protein was increased in LN lysates from allograft compared with syngraft transplanted and naïve C57BL/6 mice ( Fig. 2A) . IL-7 transcripts in LN-FRC were higher after treatment of C57BL/6 mice with IFNγ compared with saline ( Fig. 2B) . These results showed that allogeneic CD4 + T-cell activation and release of IFNγ induce IL-7 expression in LNSC. Indeed, ABM transfer induced early IL-7 production in LN-FRC on day 3 (Fig. 2C ). Subsequently, we examined the ability of T reg to modulate the kinetics of LN-FRC-derived IL-7 using our transplantation model. T reg in the tolerant 10:1 group prevented early up-regulation of IL-7 transcripts on day 3 (Fig. 2C) . Unexpectedly, the IL-7 transcripts were higher in the tolerant 10:1 group than in the ABM group on day 9 ( Fig. 2 C and D) . These results suggest that the presence of T reg affects IL-7 expression in stromal cells after transplantation.
IL-7 Signaling Stabilizes the Suppressive T reg Phenotype. IL-7 stabilizes T reg numbers in mice (30, 31) and increases T-cell survival by reducing apoptosis in a concentration-dependent manner in vitro (Fig. S3A ). We next studied the molecular basis of IL-7R signaling on naïve and CD3/28 activated T reg at varying IL-7 concentrations. IL-7R down-regulation was observed at increasing IL-7 concentrations with or without TCR stimulation (EC 50 values) (Fig. S3B ). In addition, surface expression of activation markers, including CD25 and GITR, increased dependent of IL-7 concentrations with or without TCR signaling (EC 50 values) (Fig. S3 C and D) . Our data indicate that increasing IL-7 levels influence the phenotype of T reg in vitro. To confirm these results in vivo, we increased IL-7 availability in mice by injecting IL-7 complex (IL-7C). Only a high dose of IL-7C significantly increased T reg number, induced IL-7R down-regulation, and increased surface CD25 expression (Fig. 3A) , indicating that high IL-7 levels induced IL-7R signaling and activation of T reg in vivo. We next examined the effect of IL-7 signaling on the immunosuppressive function of T reg in allograft transplantation. The administration of the anti-IL-7 blocking antibody M25 in the 10:1 group reduced IL-7 availability, which resulted in allograft rejection in 40% of the transplanted mice (Fig. 3B ). The ratio of T reg to ABM was higher than 1 in five of six mice in the dLN (Fig. 3C) , thereby excluding graft rejection as a result of reduced T reg survival. These results suggested that the suppressive capacity of T reg depends on IL-7 availability in the dLN.
IL-7 Sensitizes T reg for IL-2 to Suppress T eff Proliferation. Our data thus far suggested that T reg respond to IL-7 signaling by increasing their suppressive phenotype and the expression of surface markers. T reg from IL-7C-treated mice were increased in expression of CD25 (Figs. 3A and 4A) and of CD122, GITR, and ICOS but not CD132 and KI67 (Fig. 4A and Fig. S4A ). It is well known that T reg require IL-2 for their suppressive function (32) . To assess the IL-2 sensitivity of IL-7-exposed T reg in vivo, LN and spleens were analyzed from IL-2C-injected mice pretreated with IL-7C or saline. T reg from IL-7C-pretreated mice up-regulated the expression of CD132, GITR, ICOS, and Ki67, but not CD25 and CD122 and phosphorylation of STAT5 in response to the IL-2C compared with saline-pretreated mice (Fig. 4A and Fig. S4 A and  B) . To exclude possible contributions of other cells responding to IL-7 and IL-2, we stimulated IL-7-or saline-pretreated T reg with IL-2 in the presence or absence of TCR stimulation in vitro (Fig.  S4C) . IL-7-pretreated T reg responded to IL-2 by higher CD25 expression, which was further up-regulated by increasing concentrations of IL-2 (Fig. S4C) . Although CD25 expression was even higher in TCR stimulated T reg , IL-7 responses were comparable to those without TCR stimulation, as indicated by similar EC 50 values (Fig. S4C) . Interestingly, IL-7-pretreated T reg had more pSTAT5 (Fig. S4D) and had increased binding of IL-2 with or without TCR stimulation (Fig. 4B) . These data strongly suggest that IL-7R signaling has an impact in IL-2 sensitivity of T reg in vitro. The TCR-stimulated proliferation of CD3/CD28-activated ABM was reduced by 2 (2:1 group), whereas the addition of 10 times (10:1 group) more T reg and exogenous IL-7 further increased T reg -mediated suppression of ABM in the 2:1 group, but not in the presence of a high number of T reg in the 10:1 group (Fig. 4C) . Moreover, IL-7-pretreated T reg were able to suppress proliferation of I-A bm12 -activated ABM more efficiently than nonpretreated T reg (Fig. 4D) . These data indicate that IL-7 increases IL-2 sensitivity of T reg , thereby increasing their competence to suppress allogeneic T-cell proliferation.
IL-7R Signaling Is Required for T reg Function. To study the function of IL-7R signaling in T reg , we generated T reg -conditional IL-7R KO by crossing Il-7a-floxed mice with Foxp3-YFP-Cre mice. T reg from Il7ra-ΔT reg mice did not express IL-7R and did not phosphorylate STAT5 in response to IL-7 ( Fig. S5 A and B) . Conventional CD4
+ and CD8 + T cells (T con cells) were present in LN of Il7ra-ΔT reg mice and did not differ in frequency or number compared with Foxp3-YFP-Cre mice (Fig. S5C) . Moreover, T reg number and frequency were similar in skin dLN of Il7ra-ΔT reg mice compared with their control littermate (Fig. S5C) . To further investigate survival in competition, we cotransferred Il7ra-ΔT reg and Foxp3-YFP-Cre T reg at a ratio of 1:1 and 3:1 in Rag2 −/− mice ( Fig. 5A ). Four weeks after T reg transfer, the number of Il7ra-ΔT reg was 2.5-fold (1:1) and 5-fold (3:1) lower compared with Foxp3-YFP-Cre T reg , and the initial ratio of 1:1 and 3:1 was not maintained in LN (Fig. 5A) . Collectively, these data suggest that homeostasis and in vivo function of T reg partially depend on IL-7R signaling.
To assess the importance of IL-7R signaling in the function of T reg , we purified T reg from LN of Foxp3-YFP-Cre and Il7ra-ΔT reg mice and cotransferred them in I-A bm12 -transplanted mice. IL-7R-deficient T reg in a 10:1 ratio were less efficient to suppress I-A bm12 skin graft rejection in allografted Rag2 −/− mice (Fig. 5B) . In addition, IL-7R-deficient T reg were less efficient than Foxp3-eGFP T reg to suppress proliferation of naïve I-A bm12 -activated ABM in vitro (Fig. 5C ), indicating that IL-7R signaling is important for the suppressive capacity of T reg in vitro and to maintain allograft tolerance in LN of transplanted mice. . To understand whether IL-7R signaling facilitates differentiation of eT reg in mice, we analyzed T reg subsets both before and after adoptive T-cell transfer in I-A bm12 transplanted mice. The frequency of cT reg and eT reg before transfer were comparable (Fig. S6A, Left) ; frequency of eT reg was higher in the dLN of the 10:1 group (Fig.  S6A ) and increasingly expanded as assessed by eFluor670 dilution on day 9 (Fig. S6B) . We confirmed that eT reg have lower CD25 expression than cT reg (Fig. 6A , Left) (11) and found higher IL-7R expression in eT reg in Foxp3-eGFP mice (Fig. 6A, Right) . Collectively, these data suggest that effector T reg accumulate during allotransplantation.
To examine whether eT reg respond to increased IL-7 levels, we injected IL-7C in Foxp3-eGFP mice and analyzed expression of CD25. Indeed, IL-7C treatment increased CD25 expression in eT reg (Fig. 6B) . We next assessed eT reg expansion in response to IL-2 by injection of IL-2C and BrdU in Foxp3-YFP-Cre and Il7ra-ΔT reg mice. Interestingly the frequency of eT reg was specifically increased in Foxp3-YFP-Cre but not in Il7ra-ΔT reg mice (Fig. 6C) . These data indicate that increased IL-7 levels enhance IL-2 sensitivity and thereby the specific proliferation and maintenance of highly suppressive eT reg subsets.
Finally, we analyzed whether the IL-7R-specific signaling in T reg has an impact on the eT reg subset under homeostatic conditions in aged mice. In aged mice, the frequency of eT reg was higher in Foxp3-YFP-Cre than Il7ra-ΔT reg mice (Fig. 6D) . The lower number of eT reg was accompanied by mild symptoms of autoimmunity by induction of follicles in the liver and lung of Il7ra-ΔT reg , but not Foxp3-YFP-Cre mice (Fig. 6E and Fig. S6C ). These data indicate that IL-7R signaling in T reg is required to maintain immunological tolerance during aging in mice.
Taken together, we show that IL-7 levels increase the suppressive capacity of T reg , both during transplantation and aging, via up-regulation of CD25. As a result, T reg IL-2 sensitivity is increased for successful IL-2 competition with CD25 hi T cells, thereby maintaining T-cell tolerance.
Discussion
The population of Foxp3
+ T cells consists of functionally different T reg subsets that regulate different immune responses (2) . Although many studies investigated the function of T reg , the mechanisms controlling homeostasis and activation of different T reg subsets are poorly defined. Using the newly established allograft tolerance model, we identified that IL-7 signaling, beside its known role in survival, stabilizes the function of T reg in the LN during inflammatory T-cell responses. T reg prevented early and increased late IL-7 induction in LN-FRC. Our data suggest that T reg require IL-7R signaling to increase their CD25 expression and efficiently compete with other T-cell subsets for IL-2. Improved IL-2 sensitivity stabilized the T reg phenotype and promoted expansion of eT reg in vivo. The specific ablation of IL-7R specifically on T reg reduced their suppressive function, causing allograft rejection and mild symptoms of autoimmunity during aging.
In various allograft models including skin allograft transplantation, T reg were shown to control immune responses to foreign antigens (33) . We established a transplantation model in which I-A bm12 skin allografts are accepted on Rag2 −/− mice, and the function of polyclonal T reg and their specialized subsets can be investigated after cotransfer with I-A bm12 -specific CD4 + T cells. Transfer of high T reg numbers established allograft tolerance, which could be reverted by specific T reg depletion. T reg -suppressed ABM expansion dependent on the initial ratio and IL-2 production of ABM increased their own and T reg numbers. T reg displayed an effector phenotype in the LN. Blockade of IL-7 or transfer of T reg from Il7ra-ΔT reg mice caused graft rejection in 40% of tolerant mice, which could be due to reduced survival in the LN. However, the ratio of T reg /ABM in rejecting mice was in favor of T reg , which usually correlated with allograft tolerance. Therefore, our results suggest that IL-7R signaling does not exclusively support T reg survival but also increases the suppressive activity of allo-activated T reg .
Structural LN-FRC and lymphatic endothelial cells (LEC) are the main source of IL-7 in the LN (19, 20, 34) and increase IL-7 production on inflammatory T-cell responses (18) . Consistent with this view, allogeneic CD4 + T-cell activation and release of IFNγ increased IL-7 levels in LN-FRC at early time points, which massively declined thereafter in dLN of transplanted Rag2 −/− mice. T reg inhibited both IFNγ production and expansion of ABM, which correlated with an early reduction of IL-7 transcription in LN-FRC of allograft-tolerant mice. However, at later time points, the presence of T reg resulted in higher IL-7 transcription. The reasons for this are unclear, and further experiments need to be done to address this. However, T reg can influence the LN microenvironment to facilitate suppression of T cells, which would allow IL-2 consumption and suppression in close proximity of activated T cells (35) , as well as help to maintain immunological tolerance (36) .
Recent work has demonstrated that homeostasis and expansion of T reg depend on the presence of γc-chain cytokines including IL-7 and IL-2 (21) . The development of autoimmunity in IL-2-and IL-2R-deficient mice (37) , the impairment of LN organogenesis in IL-7-and IL-7R-deficient mice (38) , and the dependence of various adaptive immune cells on these survival factors complicate interpretation of the results. Mice deficient in IL-7 signaling have been shown to have low numbers of T reg , and specific ablation of γc chain signaling in T reg suggests IL-7 is a critical requirement for survival (24, 31) by inhibiting FOXP3-driven apoptosis (30, 39) . These observations were confirmed by our study by showing that IL-7-mediated signals increase the absolute numbers of T reg in vitro and in vivo after IL-7C treatment in mice, possibly by Bcl2-and Mcl1-dependent mechanisms (40) . By cotransferring IL-7R-KO with WT-T reg , we further demonstrate that ablation of IL-7R expression diminishes T reg number in the LN after cotransfer with WT-T reg , indicating that IL-7R signaling is required on T reg to compete for sufficient IL-7 signals with other responding cells in the periphery (39) .
T reg transmitted IL-7 signals via STAT5 phosphorylation, which led to increased expression of CD25, GITR, and partially ICOS in a dose-dependent manner. These surface markers are part of the genes directing the expression of the T reg molecular signature (4, 7). Our findings suggest that IL-7 signaling might optimize IL-2 acquisition (25) by increasing CD25 levels on T reg . CD25 expression in untreated and IL-7-pretreated T reg was not increased by different IL-2 doses excluding a feedback loop, which further enhances IL-2 binding. Similarly, IL-7C pretreatment increased γc chain expression, together with GITR and ICOS, in response to IL-2C. Thus, the greater IL-2 sensitivity of IL-7-exposed T reg was due to higher CD25 expression and IL-2R signaling specificity via the STAT5 pathway, which might be required to compete for low IL-2 concentrations in vivo. IL-7 and IL-7R signaling stabilized the functional competence of T reg populations that was further increased by IL-2 (41). Whether IL-7R signaling and increased IL-2 sensitivity in T reg cells enable immunological tolerance against memory T cells was not addressed here, but IL-7R expression maintains survival of memory T cells and influences their activation (42) , which might lead to resistance of allogeneic memory T cells to T reg -mediated suppression (43) . In addition, an effect of IL-7 on human T reg should be carefully evaluated because CD127 low T reg have been described to suppress T-cell responses (44) . Therefore, further studies are required to use IL-7 for improved low-dose IL-2 therapy in autoimmunity and inflammatory diseases including allograft transplantations (12) . CD44 lo CD62L hi cT reg require IL-2 signaling to maintain homeostasis, and CD44 hi CD62L lo eT reg depend on ICOS signals (11) . cT reg were higher in CD25 than eT reg , but our results suggest that the increased expression of IL-7R might compensate for reduced IL-2 availability. Indeed, eT reg up-regulate their CD25 expression in response to increasing IL-7 levels, thereby facilitating IL-2 access required for proliferation and efficient suppression of T-cell responses. This finding suggests that IL-7R + eT reg become more sensitive to IL-2. eT reg were found in LN during allograft responses, indicating that the suppressor function of T reg is mediated by this particular subset during inflammation. eT reg develop from T reg after TCR engagement in the presence of inflammatory cytokines (45) . It remains to be tested whether IL-7R signaling promotes eT reg differentiation from cT reg or whether eT reg accumulate in the dLN by proliferation or migration from nonlymphoid tissue.
On the basis of the presented results, IL-7R signaling in eT reg may change the balance of cT reg and eT reg during inflammation due to altered IL-2 sensitivity. cT reg strictly depend on IL-2 signaling in the LN (11), and improved IL-2 sensitivity of eT reg might favor their expansion. Indeed, a limitation of IL-2 during aging has been shown to increase CD25 lo T reg in mice (46) . Due to impaired expansion of eT reg in the absence of IL-7R signaling, Il7ra-ΔT reg mice displayed mild symptoms of autoimmunity by formation of follicles in the liver and lung.
In conclusion, our work shows that, within LN, T reg profit from the IL-7 expression of stromal cells by increased survival and IL-2 sensitivity, which is required for sufficient suppression of effector CD4 + T-cell responses in allograft tolerance and aging. These findings demonstrate a previously unidentified role for IL-7 in control of the T reg compartment and highlight important links between T reg and stromal cells within lymphoid tissues.
Materials and Methods
Mice. All animal work was approved by the Cantonal Veterinary Office of the City Basel (SI Materials and Methods).
Preparation of T Cells and LN Cells. Naïve transgenic Vα2Vβ8 CD4
+ T cells were isolated from LN of ABM mice. T reg were sorted from Foxp3-eGFP mice. LNSC were isolated according to the protocol (47) (SI Materials and Methods).
Skin Transplantation Model. Recipient mice were transplanted on the back with full-thickness tail skin from allogenic I-A bm12 or syngenic I-A b Rag2
−/− mice under general anesthesia (28) (SI Materials and Methods).
In Vitro T reg Assays. For stimulation, T reg were incubated in RPMI medium containing rmIL-7 or rmIL-2 with or without CD3/CD28 activation beads (Invitrogen) or on splenocytes (SI Materials and Methods).
Statistical Analyses. Statistical analyses of data were performed using Prism (GraphPad Software) using the unpaired two-tailed Student t test, MannWhitney t test, and log-rank (Mantel-Cox) test. For IL-2 binding assays, flow cytometry, and histology details, please see SI Materials and Methods.
